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PRC Enkuonmental hfanagement, Inc (PRC) reviewed the draft trwtability studies plan for 
the en\ i romenml reStoraIion program at the Rocky Flats Plan[, Golden, Colorado 
this repon for the U S E n v i r o n m k n d  Proteaion Agency (EPA) under Technical Enforcement 
Support (-I€.S) 12, connact number 68-Wg-oc09, work assignment number C08061 

PRC prepxed 

This review IS dikided into two sections general a m m e n u  (Section 2 0) concemng the 
enrlre document and spzcific comments (Secuon 3 0) relaung to mdividual secuons The revieu 1s 

based on the assumption tha t  the treatzbdity studies plan should address the elements rquued  rn 
Anicle XI (rreatabiliry study) of Amchment 2 (Federal Facility Agreement Statement of Work) of the 
rnteragency agreement (LAG) being developed among the U S Department of Energy, the State of 
Colorado Depamnent of Health, and E P A  

Several guidance documents were used 1~ this review Guidance for C o n d u c t q  Remedial 
Investigabons and Feasibility Studies Under CERCLA (EPA/540/G-89/004), Guide for Conductlng b 

Treatabllity Studies Under CERCLA (EPA/540/2-89/058), Technology S c r e e m g  Guide for 
CERCLA Sods and Sludges (EPA/540/2-88/044), and Technological Approaches to the Cleanup of 
Radio ldgid ly  Contzrnmated Superfund Sites (EPA/540/2-88/002) Additlonal references include 
Ground Water Treatment Technology, by Evan K Nyer (1985), and Standard Handbook of 
Hazardous Waste Treatment and Disposal, by Harry M Freeman (1989) 

I ,  I ,  

I 1  

20 GENERALCOMMENTS 
. \  

\ \  

1 The content of the drafi treatzbdity studies plan VSP) does not entlrely fulfdl the scope of 
work presented m Amcle XI, Attachment 2, of the IAG The TSP does not mciude 
d o r m a t i o n  on relative costs, removal efficiencies, operauon and mamtenance requrrernents, 
or implenennbdi ty  o f  all candidate technologies Sirmlarly, the TSP does not discuss 
iinal~-tical mshods, data management and analysis, health and safety, and residual waste 
management s s u e s  as specified in Arucle XI The TSP should address these lssues for the 
screening h id  selection of candidate technologie~ for remedial alternatives and design 

2 The TSP differentiates between practical technologies and emerging/innovative technologies 
However, the current document only dscusses practical (demonstrated, conventional) 
technologies Site-wide treatabdity studim should lnclude all technologies potentially 
applicable to mitigation of contamlnaUon at the site Identification and evduauon of 
emerginglmovative treatment technologies should be discussed m the TSP This should 



mclude pro\ isions to evaluate potewdly applicable technologies identified after the TSP is 

finallzed 

3 Applicable or relevant and appropriate requiremenls ( A u k )  should be identified dur ing  rhs 
screeqing of po ten t id  technologies before rreaubility testmng 

1oca:ion-speciilc ARARs may resmict tbe irnplenent3bility of a p m i c u l ~ r  technology at a site 

or indicae hou a selected alternatiLe m u t  be unplemented 
A u k ,  u111 a f f m  the selection of candidate technologies for tiw;abrJir) studies, rerndial 
altern3tives development, design, md amon 

Chemical-, a a o n - ,  and 

As  p a n  of  the TSP, these 

4 Cleanup goals for target c h e m d s  or waste groups should be defined m the TSP The bvis  
for evduatmg the effecriveness of a trezfment technology 1s to calculate removal efficiencies 
and compliance wih estzblished cleanup criteria (based on WRS, see comment 3) 
S m l a r l y ,  data quality objectives (DQOs) should be established LII the TSP to defue the data 
quality needs of the treatability studies program 

% 

1 

3 0  SPECIFICCOMM-EINTS 

Page 3-1, ParamaDh 2,  The text states that protocols for conductmg treata31Iity tests are 
requrred t~ ensure the daa collected are accurate, complete, aad appropriate A usual 
objective LD. data c o l l m o n  is to obtam measurements and svnples th2t meet acceptable 
standards o f  accuficy, precLsion, comparabllity, representativeness, and completeness. The 
text should mclude these standards u1 the protocols for conducmg treatability studies Also, 
the data quality objectiies for site-wide trmtabllity studies should be defined -. 

Rationale 
program is required to ensure dau  of known and documented qudity are generated The 
quality of tre-atabdity t a tmg  data requued should correspond proportionately to the 
Implications of the deciiions that wlll be Sued on those d a a  

\ 

The mplementation of an appropriate quality assuranceIquality control (QAIQC) 

2 Pace 4-5, Sect m n  4.1 

the text should indicate significant levels of acetone and toluene have been detected 

has btxn detected at various locations throughout the site, and at high (203300 

mcrograms/?ulogram (pgkg)) concexmatlons at operable urut (OU) 2 lil the vicmiry of the 
mound areas 

W i l e  sunxnu?zmg the general contarr.~nants of concern at the site, 
Acetone 

Similarly, toluene has been detected at concentratlorn as blgh as 860 p g k g  at 

2 



3 

GU 1 

rrexibdirj sad ie s  
These c o n m i n a n t s  should be ansidered LII tFle selemon of technologies for 

R3tionale Acetone wntammtion IS difficult to mitigate because i t  IS exuemely soluble i n  

baater High concencatihs of acetone LII waste s a w  or t r a m e n t  residuals could t2-m 

the selmion of a particular technology for remedial action Toluene can be mitigated U I L ~  

s u n d a d  [Khnologies for mziment of volatde orgamc compounds, but should be considered 
UI h e  technology screerung process 

P2ZP 5-1. sect ton 5.0, The  technology screerung and selmion process should evalmte 
performance, unplementabdiry, removal efficiencies, relauve costs, and operauon and 
mamtenance requirements of candidate technologies (Arucle XI, Anacbment 2, IAG) 
Smilarly, ARARS should also be identified, mcludmg land disposal restrictions (LD%), 
Clean Alr Act, fugitive dust and emEsion standards, tramportauon regulations, and design 
and operatrng standards 

Rationale 
evaluatmg all relevant critena ARARs, m part~cular, are threshold criteria for elmiLatmg 
technologies early m the screerung process All ARARS should be  identified before 
begmnmg treatabiIity and feasibility studies (Also see general a m e n t s  1 and 4 ) 

?he treatment technologies should be carefully screened and selected after 

4 Pace 5-3. Pwmauh  1, The text 1 s t ~  three cnteria for e l m t m g  practical technologies 
from treatabditybsts However, well-proven technologies should sot necessardy be 
elmmated from laboratory or bench-scale testmg durrng the sc renmg process 

Rationale 
types and waste streams wth proven technologies For example, biological treatment IS well 
proven, but treatabdity tests are necessary to d e t e m e  the waste stream toxicity and the 
removal efficiency of the treatment system for the specific waste 

Laboratory and bench-scale tats are frequently used to evaluate specific waste 

I 

5 P a g e  54. Paramuh 3, The p~nary objmive of be treatabdity p r o w  as stated 1s to 
aemonsnate tbe effectiveness of a given technology rn reduclog mntarmnant concentra[iom 
Technologies n a y  then be screened to develop remedial alternames The data from the 
treatability studies also should demonstrate the Implementability and cost of a given 

technology 

3 



R z t i o n i s  E f f e m v e n s s ,  Irnple.nenubiliry, and cos[ are h e  mree criteria for tccchqology 
screerlng ar,d de\elopnent  of  remedial alternatives If the resu!s from ne3wDilir) s tudla  
art to pro\ idc n e c e s s q  mformmon for p l m i n g  OU-specific p r o g r a m ,  h s e  crittria should 

be e\zluateJ (As0 see gencrzl a m e n t  1 ) 

6 P2re 5-7. ssc ( ion  5.1 ,?, 
c x e i c I I j  and mcludzd u3 the text Simdarly,  loa t ion-  or acrion-spxific ARL% should not 
be dzierred LO full-scale imFlementation of  the remedial alternzuve 

Cnemial-specific A M &  should be i c lmi f id  and evalu;iA more 

Ratiocde 
cnemia l  that may be  found LO, or discharged to, the ambient eiivuonment For example, the 
natioral m b i e n t  alr quzlity standards ( N U Q S )  under the federd and su te  clean arr act are 
chemical-specific ARXRS 
p m i c ~ l a r  technology at the site Action-specific requirements do not III themselves determine 
the remedial alternative, rather they mdicate how a sele7ed altemtive-must be mplemented 
Locztion-specific AIURs may restrict the conduct of remedial rc, ivi~es or the concentration 
of h u d o u s  subs tancs  solely because they are occumng L I ~  a part~cular place 

C h e m d - s p e c i f i c  AEUXS establish the acceptable level or concennation of a 

Amon-specific AXXRS may affect h e  lmplementabllity of a 

li. 

7 Pace 5-7. Pararrraoh 1 
the text as a potential AIL% 
and Recovery A 
rep lz to ry  level o r  potenual ARAR Ths sbould be corrected LKI the text 

Rztionde 

T h e  toxicity characterlstic leachmg procedure VCLP) 15 mcluded m 
ne TCLP 1s the nethod to iden-fy R ~ L K C  Conservation 

(RCRA)-&wactenstic o r  -luted wvtes  The TCLP iuelf 1s not a "\ 
\ 

Correct usage of t e r n  mwiil?zes the potenud for minterpretation 

8 Pace 5-15. Section 5.2 1, F o r  practml purposes, the contammnts at the site were divided 
m:o five major groups The  tezt sbould also identify lndicator or target chermcals of concern 
wihla e x h  ccrnminant grcupmg b a t  wlll be  used to screen techologies Indicator 
c b e m i a s  ;ire selected based on c0ncentiatlons and common w~ccimman t fate and uansprt 

ch x a ct er is tl cs 

Rationde 
technologies 
t r a m e n t  of mdicator cbemcals  at the site Treatability processes can be screened for a 
group of contaminmu (for example, volatile orgamc compounds (VOCs)) However, 
individual chemicals wlll behave differently within that group For example, toluene and p- 

Con ta rn imt  groupings are practical for p r e l u n w j  identification of 
However, seleaion of technologies should also be based on effecuveness o f  



xy lene  are relati~ely biodegradable, but o-xllene, rn xylene, and hy lbemene  are r e l x i ~ e l )  
undeg~adable 
but vinyl chloride LS only adsorbed ul trace amounts 

P?rs 5-17. Seciwn 5.?& f 

trutment of the f i \e  ategories of con tammts  
technologies for uwtment o f  contarnmants rn sod and ground water 1s lmted  
should be expanded to include additional technologies and variations of llsied technologis 
Simlarl), technologies for aeaunent of  output s u m  and side smeams generzted as a reiult 
of truunent processes (for example, off-g.s or aqueous effluent polLshtDg from an air 
stripper) should be considered and llsted UI the text F d l y ,  technologies for treatment of 
Iight or dense nonaqueous phase liquids should be considered 

Similarly, aichloroethene is readily adsorbed on granular acuvated w r b o n ,  

. 
9 section idenufies practical technologies and appliutions for 

However, the identifiaion of p r a a d  
The text 

-. 

Rationale 
TSP PracticA technologies for water and sods that should also be coasidered are listed 
below These technologies have all been demonstrated at full scale 

Tnere are additional practical technologies which have not been considered JJI the 

WASTE GROUP WATER 

lnorganlc Thermal treatment 
contammants - wet ax oxidauon 

Carbon adsorption 
Nmtrallzation 

- pyrolysis 

.j 
\ Radionuclides Chermczl extraction 

Metals 

Vo1a:tle and semi- , 
volatile organic 
compounds 

Precipitationlflocculatiod 
sedimentation 

, Oxidatiodreduct~on 

Ultraviolet photolysis 
Lnctneration 
- l iquid icjmon 
- rotarykdn 

Liquid-liquid extraction 
Microbial degradation 

Glycolate dechlorination 

- fluid& bed 
- pyrolysis 

(in situ) 

sons 
T h e d  treatment 
Tn-situ chemical treatment 
Vitrificauon (m-situ 

Solidi ficatiodstablllzation 
or ex-situ) 

Cement-based stablluation 
In-sim vitrification 

Cement-based stablluztion 
In-situ vitrification 
Sod flushing 

Steazl suipplng 
In-situ viuificat1on 
Chemical extraction 
Glycol at e d echlor mat io n 
pyrolysis 

5 



10 5-27, P a r a o r a ~ h  3, The text s u t s  eRmivenas  refers LO the a b d i t y  of  a technolog) to 

Cleanup goals for c o n m i m t s  or waste groups at the site should be def ied in the 
m a t  a giben volume of was:e based on cleanup goals Houever, cleanup goals ha\e not 
been set . t ~ ~ ~ i t a b d i t y  s tud la  plant 

Rationale Ekaluating effecireness wirhout knoulng cleanup gods or deslred removal 
. efficiencies is not appropriate (Also see general a m e n t  3 ) 

11 P a u e  5-28 . Section 5.2.3,  The rationale for selecuon or elimmnation of practical technologla 
for stage I tr-exabdity studies E not clear 
requue treawbdity testing to d e t e m n e  the effectiveness for sitespecific compounds, 
mmtures, and hydrogeologic conditions Many conventional, demonstrated technologies 
requue trwtabiliry studies LO reduce cost and performance uncemnties for tleatment 
altemtives to acceptable levels to support the selection of the alternawe and remedial 

. design For an u a - w i d e  tech20logy evaluation, each a n d d a t e  ttxhology should be 
evaluated wit0 respect 'p b a u  x&s and treatment goals for the site Critena should be 
defined for s e l w m g  p r a c u d  techologies for treatzbllity studies with respect to 
effectiveness, unplementabdity, and cost for muganon of specific contamts a+ the site 

With few exceptions, most trcument processes 

-. 

I 

Rationale 
groups or even all rndividual contarmnants withln a group Treatability mung should 
generate mfom ion for s i t e w d e  target compounds The best technclogy for specific 
mntaminants &d contamuant g r o u p  should be evduated and combmations o f  the 
technologies can th2n be selected for effectwe remediation of contarmnants throughout the 
site and each OU 

It IS difficult to identify trea'ment technologies applicable to all contamillant 

Y 

12 5-30. ParamaDh 4, Granular activated carbon (GAC) adsorption should be considered 
for stage I tratability tests 

applicablliry to orgaruc coniamlnation at the site For mxtures of c o n ' m r m t s  hown to 
exist at the site, liquid-phzse addsorption satberm tats should be performed Subsequent 
d y n m c  colum studies (batch tests) czn be used to d e t e m n e  o p m u m  mntact tune, mass 
transfer zones ,  and system configuration 

GAC technology rqulres treatablli;y twu to evaluate 
\ 

Rationale 
and cost of GAC technology for condiuons a! Rocky Flats 

Treatability studles are necessary to evaluate the effmveness, unplementabillty, 



13 P2.c 5-71 puaq& 3 Mernbrme processes such as reverse osmosis and e lmod la lysu  
should be considered for stage I trea~abiliry tau 
tzr5nologies for cenain m d s ,  t!ey should be evaluated for specific conditions at Rock) 
Flau 
properties of the semipermable membrane must be compatible with waste mum 
chziacteristics 
menbrane  requuzments (geome=ry, chermscry, pore sue)  for effectwe removal o f  
c o n m m a n t s  at Rocky Flau 
(co~centration I ~ K )  are requued for testlog of these processes 

Ahhoush these are demonstrated 
1 

5 
For example, for an efficient revene osmosis process, the & e m i d  and phjslcd 

Simple (bench scale) t~eatabiliry studies could evaluate the optmum 

F d l y ,  the text should lndicate what water quality parameters 

Rationale, Treatabdity tests are necessary to evaluate reverse osmosE and electrodialysis 
techologies  for condiuons at Rocky F l a  

14 pzze 5-31. ParamaDh 
conmercially avalable  technologies and should m t  be deferred to the m-ovativdemerging 
tecbology assessment These t r s t m e n t  processes, although sufficiently demonstrated, sdl 
rquue treatabllity tests to predict biological toxicity m the treatment plant 

Jn-situ and above ground biologic4 treat?lent are conventional and 
\ 

Rationale Biological treatment processes are well demonstrated md not innovative or 
emergmg These treatment processes almost always requrre treatabllity tests to tvaluate 

effmiveness and yplementablli ty for sitespecific condiuons 

Page 6-1, Paramaoh 3, - The text states DQOs levels D[ and ?II wlll be used for all 
treatabdity studies However, DQOs for the treatabdity tests wlll vary dependmg on the 
slpificance w.d m a p i t u d e  of the study The text  shou!d be corraed to mdiate  the DQOs 
wJl  be  established for lndividud treatabllity studies 

\ 

\ 

15 

Rationale 
sr;dles, aod analytical levels m, N, and V apply b bench- and pdot-scale aatabdity 

S i d l e s  

In general, a n a l y t l ~ ~  levels 1 and Il apply to laborztory screerung treatability 

16 Pace 6-1, ParagTaDh 4, The  text lmpl i s  that the median and avwage contammt 
concenb’ations for waste distributions will be the same However, ths IS not necessarily 
true, and in general, the median and average values wd! be different ?he text should state 
whether tratability tub wdl be performed witb waste coDtatrung either the median or the 
average mncenuatlons 

7 
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17 

18 

19 

20 

Rationale 
c h e n i d  analjze populations, the median will Dot equal the average ( m a n )  It 1s important 

to differestiate betueen medim and mean for trembiJiT).’ testing as the) mal be s~gnificantl) 
different dtpending on i h e  dsnvbution of  values 

Unless the concentmiom are wrmally distnbuted, which IS seldom the m e  ullh 

Parre 6-2. Paraoraph 1 ,  ?-he text mdiates  that multivariable analyses wdl be provided, 
where appropriate, on additional ta& to supplement tratability stlldies The text should 
m d i u t e  the  pes of nultivzriable analjses to be performed d u n n g  addiuonal tests 

(. 

Rztionale 
without the identification of  specific tests 

Tne utdity of providirlg multivariable analyses (where appropriate) IS not c l m  

, 

page  65. P a r m a D h  2, W h d e  discussmg the test approach for oxidatiodreduaion (redox) 
aeatabdirj studies, the text should specify the need for samplmg waste stream and side 

* snam rmduals  for evaluation durmg screerung and selemon The text should mdicate the 
need to identifylchuactenze the disadvantages and lmtations of a partlculu proms rn 
addiuon to its effectiveness 

Ration.de 
reactwns or unwanted xde reamons  When usmg Cse-dcal redox t d m q u e s  with 

chlomted orgm,c compounds the possibllity o f  producmg hydrochloric acid exsts  Leach 
tests wdl need to be conductd  on rzsidual solids to d e t e m e  the need for stabdmtion, and 
the liquid effluent shodd be d p x i  to d e t e r n e  the need for further tratment 

Chemcal redox is an mdscrlmlnant p rows  and cz(! result 111 lncomplete 

\ 

pace 6 8  Pjuaeraph 2, The TSP considers sod washlng for orgmic compounds an 
wovat ivdemerging  technology However, sod wzshmg for o r g m c  cornponds IS a 

de?)omtTated, pract~cal techaolbgy 2nd should be part of the TSP 

R a t l o d e  
alkaline agenls, surfacmts ,  and biodegrzdable polysaccharides 

Soil washing for o r g m c  a m p o u r i d s  has been effemvely demonstrated using 

Fdoe 6-12, Pvanmh 1 
t a t s  should mclude d e t e m n z t i o n  of waste-tu-additive ratios, m u m g ,  and currng conditions 
T h e  shon- te rn  environmentll mpact of stabdmng wastes may be small, but long-term 
reliability 15 not well known 
technology screening process should also be lncluded 111 the ObJeCtlves 

The test objectives of the solidification/stab~luatlon treatabdity 

Provisions for momltormg all applicable parameten for the 



1 
1 

. 
Rationale 
a n a l y d  

compounds and may necessitate gas monitoring or screening The determmation of optlrnum 
v.4tste-to-addiuve ratios, m u i n g ,  and cunng conditions should be p r u n q  comidzrations 
during the treaabiliry stlldy 

L a c h a t e  produced hs a result of the c u n n g  process should be collected and 

The h a t  generated by the mrmg or srAllu3tion can dnve  off  volaule organic 

. 
21 P2.e 616. Pu ac!ph 2, Phase 2 of the biological uutment ueatabdity study should also 

esmbiish opumum sluny densities, pH, temperature, and residence m e  The need to 
mommr these pa ramaen  should be mcluded m the statement of work 

Rationale 
technology m terms of mplemenubdity, cost, and efiecoveness for technology s e l e a k  wd 
design 

The treatability study should morumr all parameters which are used to evaluate a 

22 F a r e  7-1. Section 7.0, Thls section discusses schedules and deliverables for the treatabllity % 

s a d m  program, but only mcludes p r a c t l d  technologies Schedules and deliverables for 
emergmg/mnovative treatment technologies treatabllity studies and treatabllity study work 
plans should be rncluded 

h t l o n a l e  
the treaubllity studies for Rocky Flats, but IS not mcluded m this document Based on 

J exlstlng information, the treatability study plan should provide a statement of work for 
e aluatmg candidat9 technologies Thls rncludes movatlve/emergmg technologies 
Exmples of these technolopes from the Supe;fund Lnnovatrve Technology Evaluation (STTE) 
program are  mcnbrane mcrofiluation, solvent extraction, plasma reactor, lnfrared thermal 
dtstmction, and freezmg separvion (Also see general comment 2 ) 

The evaluation of emergmg/movatwe ~ h n o l o g i e s  1s an mtegral component of 


